We have investigated the linkage between CD4/CD8 phenotype and programing for specific responses in primary T-cell populations. In situ hybridization has been used to determine the frequency of cells competent to express the interleukin 2 (IL-2) gene after short-term stimulation with various polyclonal activators. The effects of the T-cell receptor ligands Con A and anti-CD3 monoclonal antibody were compared with those of a calcium ionophore that bypasses membrane receptors altogether. Induction with a calcium ionophore and phorbol ester revealed that potential IL-2 producers not only constitute >85% of the cells with a CD4' "helper/ inducer" phenotype but also constitute over half of the cells with a CD8' "killer/suppressor" phenotype. There is no defect in the ability of these CD8' cells to accumulate IL-2 transcripts under these conditions. By contrast, in response to phorbol ester and either Con A or anti-CD3, the CD8' cells show an abortive IL-2 production response with rapid disappearance of IL-2 mRNA. This results in substantially lower yields of IL-2 per cell than is made by CD4+ cells in response to the same stimuli. The extent to which these populations appear to have diverged in function thus depends on the stimulus used to trigger the response. The results suggest that differences in signal transduction or posttranscriptional regulatory mechanisms, rather than effector gene inducibility per se, may initially underlie the commitment of CD4+ and CD8+ cells to distinct functional roles.
Mature T cells are functionally specialized in their responses to recognition of antigen. In general, T-cell lines that express the CD4 cell-surface glycoprotein are "helper" or "amplifier" cells that respond to the recognition of antigen by secreting lymphokines, often including the major T-cell growth factor interleukin 2 (IL-2) (1, 2). Cells that express CD8 include most killer T cells and show little helper activity (3) (4) (5) (6) . This suggests that the constitutive CD4/CD8 phenotypes of T cells are correlated with the inducibility of different, limited sets of functional response genes. Although the correlation is frequently observed in memory T cells and T-cell lines, it is not known how it is established during T-cell differentiation. When fresh CD8+ cells are activated and cloned, '10% of the clones respond to stimulation by expression of IL-2 (5, 6) . This would suggest an intrinsic difference between CD8 + cells and CD4 + cells in programing for gene expression. However, in a variety of other studies, CD8 + cells appear to make IL-2 as well as CD4+ cells (7) (8) (9) (10) (11) . In the work reported here, we used in situ hybridization and quantitative probe protection analyses to measure the accumulation of IL-2 mRNA in individual splenic T cells responding for the first time to different stimuli. We demonstrate that the majority of CD4+ and :50% of CD8+ splenocytes are competent to accumulate similarly high levels of IL-2 mRNA when treated with calcium ionophore and phorbol ester. However, the two cell types differ markedly in their kinetics of message accumulation when stimulated by means of the T-cell receptor with concanavalin A (Con A) or an anti-CD3 monoclonal antibody (mAb). The results suggest that primary CD4+ and CD8+ cells differ not so much in their intrinsic abilities to initiate IL-2 transcription but by a mechanism that limits IL-2 message accumulation in the CD8 + cells following stimulation by means of the T-cell receptor.
MATERIALS AND METHODS
Animals. C57BL/6 or C57BL/6-Tlaa mice were bred in our facilities and used at 6-8 weeks of age.
Cell Preparation and Culture. Cell suspensions were prepared from spleen, and CD4-and CD8-populations were isolated as described (12) . Cultures were incubated with or without 0.1 /LM A23187 (Sigma) and 17 nM phorbol 12- myristate 13- (12) and others (14) find IL-2 RNA expression to be restricted to T cells. The amounts of IL-2 mRNA accumulated per cell in these experiments are higher than we previously reported, due, at least in part, to the use of a different lot offetal calf serum, which supported higher levels of IL-2 production by all T-cell populations tested (data not shown). Enriched T-cell populations were obtained by two rounds of panning using affinity-purified goat anti-mouse IgG (Boehringer Mannheim) as described (15) . In our hands, nylon wool purification resulted in less B-cell contamination but with significant and biased losses of T cells (data not shown).
In Situ Hybridization. Fixed splenocytes were hybridized with the "antisense" IL-2 probe as described (12) . Grain counts were obtained from at least 500 cells per slide. Overall, they should constitute a fraction of the induced population, which, at most, is given by the ratio of the percentages of zero-grain cells in the induced and uninduced populations (n /n'). Thus, for each grain count category, ni(corr) = ni -nu(n /n'). Distributions (12) .
Ribonuclease Probe Protection. Probe protection measurements of IL-2 RNA have been described in detail elsewhere (12) . For quantitation, the 400-nucleotide (nt) HindIII-Acc I probe for the 3' halfofthe IL-2 mRNA was used as described. 
RESULTS
We previously demonstrated that mature splenic T cells accumulate large amounts of IL-2 mRNA when stimulated for 24 hr in the presence ofthe calcium ionophore A23187 and PMA (12) . The induction ofIL-2 RNA expression in response to these stimuli is not influenced by the presence ofaccessory cells and is independent of antigenic stimulation (12, 17) . Production of IL-2 mRNA is decreased by >95% when all CD4 + and CD8 + T cells are eliminated from the splenocyte population (12) . Therefore, even with stimuli that do not require a functional T-cell receptor, IL-2 gene inducibility is a T-cell-specific response under these conditions. As shown in column D of To determine whether both CD4 + and CD8 + cells participated in this response, we used mAbs against CD8 and CD4 to mediate complement elimination of mature splenic T cells bearing these cell-surface markers. Over 90% of the susceptible population was eliminated when cells were subjected to two rounds ofelimination with the appropriate antibody. This treatment routinely allows recovery of =85% of the expected number of total spleen cells in our hands. Additionally, after correcting for viability and total cell recovery, we calculate that >80%o of the input spleen cells scoring as IL-2 producers could be recovered in one or the other eliminated population. and for the total, CD4-, and CD8-Con A-stimulated samples, 107, 1.3 x 107, and 9 x 106 cell equivalents (20-28 .ug of RNA) were used, respectively. The exposure time shown was 2 days. IL-2 RNA levels in these Con A-stimulated samples were measured to be 6 molecules per cell for total spleen, 2 molecules per cell for CD8-spleen, and 0.2 molecule per cell for CD4-spleen. (B) Total, CD4-, and CD8-splenocytes were stimulated for 24 hr with PMA and either A23187 or a 1:10 dilution of anti-CD3 hybridoma supernatant, and 1 x 10' cell equivalents of cytoplasmic RNA from each was used to protect the IL-2 probe. The exposure time was 20 hr. In these samples, the 5' probe was used for quantitation. The levels of IL-2 RNA per cell were calculated to be 207, 173, and 206 molecules per cell for the total, CD8-, and CD4-cells stimulated with A23187 and PMA, respectively, and 26, 23, and 1 molecule per cell for total, CD8-, and CD4-cells stimulated with anti-CD3 and PMA, respectively. (C) RNase protection as inA, using 2 x 107cell equivalents (30-44u g) ofcytoplasmic RNA isolated from cells stimulated for 6 hr. This film was exposed for 6 days. The levels of IL-2 RNA quantitated in these samples were 10 molecules per cell for total spleen, 5 molecules per cell for CD8-spleen, and 3 molecules per cell for CD4-spleen. (ii) As shown in Table 1 , column E, CD4-eliminated spleen cells make one-third as much IL-2 RNA as CD8-eliminated spleen cells (i.e., 33 ± 3 vs. 100 ± 28). Then, if an average CD8 + responder has 500 copies of IL-2 RNA and an average CD4+ responder has 800 copies, it follows that (CD8+ poststimulation)(500x) = 1/3(CD4+ poststimulation)(800y), or (CD8+ poststimulation)x = 8/15 (CD4+ poststimulation)y. [2] In the total spleen analysis, the average fraction inducible is 0. kug of Con A per ml stimulated spleen cells to express IL-2 mRNA, although at lower levels (by a factor of =10-20) than in cultures induced with A23187 (Fig. 1 legend) . Consistent with the levels of RNA detected, Con A-stimulated cultures also secrete, on average, fewer units of IL-2 activity per ml (by a factor of 10-30) than A23187-stimulated cultures (data not shown). However, the effects of Con A on CD4+ and CD8+ cells were not the same. As shown in Fig. lA , probe protection analysis revealed that CD4-splenocytes expressed only about 1/10th as much IL-2 mRNA as CD8-cells after 24 hr of stimulation with Con A and PMA. They correspondingly secreted lower titers of IL-2 (by a factor of 8-10) than CD8-splenocytes during the incubation (not shown). The poor IL-2 response of CD8 + cells did not result from an overall inability to respond to Con A and PMA, for CD8+ cells were fully activated to express IL-2 receptors (J.A.Y., data not shown). As shown in Fig. 1B, CD8 ' cells also expressed less IL-2 mRNA (by a factor of at least 10) than CD4+ cells when stimulated for 24 hr with anti-CD3 and PMA. Thus, although many or most CD8+ cells can accumulate IL-2 mRNA similarly to CD4 + cells when stimulated with a calcium ionophore, they do not appear to do so when stimulated by Con A or by anti-CD3.
The differences in overall accumulation of IL-2 protein are consistent with a prolonged disparity between the levels of translatable IL-2 mRNA in CD4 + and CD8 + cells, but they do not rule out a brief response in the CD8 + cells. This was of concern because time course analysis of IL-2 RNA accumulation in total spleen revealed that the kinetics of the accumulation were different in response to Con A and PMA than for A23187 and PMA (Fig. 3) . In response to Con A, an initial peak was seen at 6 hr of stimulation, then a decline and a second peak at 24 hr, instead of the continued increase through 24 hr of stimulation induced by A23187. This is consistent with previous reports of a peak in IL-2 mRNA expression =5 hr after induction with mitogen (9, 10, 19) . To analyze the initial activation process, we compared the levels of IL-2 mRNA in splenic subpopulations after only 6 hr of stimulation with Con A (Fig. 1C) committed to "IL-2-producing" and "non-IL-2-producing" lineages may not be attributed either to the chromatin structure of the IL-2 gene or to the initial availability of specific transcription factors for IL-2. Particularly in these primary T-cell populations, signal transduction and/or RNA stabilization mechanisms may play a vital role in regulating a surprisingly plastic set of functional responses.
